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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a low-cost and high-capacity non- 
aqueous electrolyte battery. 

SOLUTION: The non-aqueous electrolyte secondary battery comprises a 
negative electrode mainly using a material capable of storing and releasing 
at least lithium ions or metallic lithium, as a negative electrode active 
material, a separator, a positive electrode and an electrolyte. An active 
material for the positive electrode is oxide containing nickel and manganese 
elements, and the percentage contents of the nickel and manganese 
elements are substantially the same. 
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<DT*&£ 0 CCT\ Hi 7lC N L i N i 1/2 Mm/202 
JO ^fifeTffil/^TcH^-To C©SS(t 7E^£r4. 3 V 

tx^o LfctfoT, »»<D»ififc:ISLr«:c:o»*IBH 

[0 0 3 4] 4*3, *§R6Ba»cBat-SBF^tt. L i N i 
20 i-«Mnx02*iti^ciia&T*teo ^lt, 

tcgf/c4^*D7n^^^ip-r S c t ic i; o TttAD«fflt#f# 

l i n i 1 - x m n x a z 02 t*i^ nsMStf stf enso 

[0 0 3 5] IXT\ *«WOiEfli*fflt^cU^^A— 3fc 
50 mm. T^\y>y^y^, -•y-5r;MB**'»t»*U 
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(9) 



2002-42813 



15 

Ii%^»iL<, (#(C1-3 0II%^U^ ±f 

[0 0 3 6] ^BBtcfetfSiEffi^ail^OjySLU^* 
SlfcL »SiSI^ 3 0 0 tKlO* U v-T'SSo 

tf, #yxfux #yxaeu>. XVTb^yjis* 

DXfb> (PTFE) . *U7yft:lf— Ux> (PV 
DF) , f h77;l/toxfl/>-^7;^Dxf 
b>J±ffi^{*> fh77Moxf|/>-^^7;^ 
nyoeu^itfi'&tf (FEP) , rh77Mnxf 
U > - / 7 d 7 tfx;bx-f;l/MM 
(PFA) % 7vit\*- Uf>- / NW7MpyDe 

xfl/y«I^ft:, xfi/>-ff77;^pxfi/> 

(ETFEffi) , *'J>DPhU7;l/*DX 
(PCTFE) . 7v{t\£—VT>-^>$7Jl 
tD^p-^u^i^ ypt?l/>-fh77;l/^D 
x^b>3±a-&», xfb>-^pphiJ7MPXf 
U>ttfi^<* (ECTFE) , 7^{t^-Ux>-^^ 
t7Mp^a^l/>-fh77;l/tPxfb>J±I^ 

x-f;l/-f h77WPxfi/yftl^ft;§H^$tf 

£#T^£ 0 Wtc, C0t?Bfe!fiU^MU77 
fktfnU-rV (PVDF) ^WJfF77;l/tnx 
T^U^ (PTFE) T*fe£ 0 

CO 0 3 7] IE«OSMIf*i:LTfcI\ «/8;£ftfc*ififc: 



/<5 



<. wafers* y^^. $/-k /^fsti 

-5 0 0 pm©fc©##$L<ffi^5n5o 
[0 0 3 8] (2) H«§S«R 

■ft**. t/«r«*»?fl:**a: 2;, 

->A>r*>*KW-ttttJT*#Sfk**'C«ntfJ:^o c 



■)Aa4i: LT(t I, i - A 1 (*I^4, 0 

0 2, 4 9 2^if) , Li-AI-Mn^, Li 
-A 1 -Mg^n^ Li-Al-Sn^, Li- 
A 1 - I n L i - A 1 - C d L i - A 

l-Te^l L i-Ga^4 «3F*P3 6 0 - 2 5 
7 0 7 2 ^fH) . L i - C d Li-In^ 
L i-Pb^, Li-Bil^WLi- 

70 [0 0 3 9] £«W{k^fcLTtt»»&JBfcii 

/»*fias») . TO»«***tf*«*o«rt*nfc« 

P, N, S, S i Cfe<fctfB4C££©g«ft&**:# 
[0 0 4 0] jR6«Mb**4: LT«i, «*tfXXfk***3 
■ft*. -*^»fk*, ^^^r>ixBfk*fej:t;«iifk 

K*t«i«fk**offl«-e:ftH*'**6nSo 

40 *Ll\> £9$?3:L<teO. 5-3 0/imT'65o ifcS 

fi«is±«\ mm^fi^mcomm (doo2) #3. 3 

5-3. 4 0ATci^ffi?O^$ (LC) ifi 

1 0 0 AW±©JI»*»* Ll/^o 

[0 0 4 1 ] *f§B>]{c^5^T^, lESfS^MtC L i 

if) *ffll>5ili:tfTt5o ^/c, ^-Ocfc^ftL i 

SL4t>M»t, '>§ (fls»»i oomagptcw 

L. 0. 0 1 — 1 OSaSBS*) <DL i «r^*-e:T*5 
50 -gpcDL i**)!Waif4:S*LfcOLT^JStt 
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*ftfc«6fc:*5^T\ {k¥gfk*ficSft^*f£»tt 

[0042] mhm*0*s»*J£ Ltd mmm&® 

;^DX^U> (PTFE) . ^U^^iktf-U-rV 
(PVDF) , Xfb>7^^x>nX T-h^^l/^" 
o^U>-^U-7;I/*nyDtfU>«a-&(* (FE 
P) , f h77MDXfU>-^-7;I/tn7;VW 
lfz;Vx-f;l/«l^ (PFA) . ^Wktfxijx^ 

>-^PDh«J7Wnxfl/>M^> x^L/V- 
Th77;l/tPXfl/^M* (ETFEil) , # 
'J*DPh'J7;l/*DXfl/y (PCTFE) , ;7*y{k 

tr-Uf ? >-^>*7;i/*n^ntru>'^a-&tt, 7 p p 

\*\s>-TY77)\s*U3L^\sZ/pm&fc. X-PU>- 

*pphU7;WDlfU>JtI^(t (ECTFE) . 
-7;W p ^ f ;l/ex;i/x-f ;l/-f h 77 Wpx^ 

[0 0 4 3] ftaoil^^ LTte. mtifctlfzUmti: 
ft^XxVUXflJOftffifc:*— xy*v!/ % 

tf. l-5 0 0/im<DW!fiL<ffll/^tl5o II 



(10) f$ffi2 002-42813 

>fti?0*U7-r>**U^-. #^x. nXtttfOMI 

tf, 0-3 0ii%tf»SU^. 
[0 0 4 4] **Bilt:43tJ*iES«$J;tfAStt, lEffig 

«*fk*tti»«o a «T-«At z&mm% mitfe 

[0 0 4 5] (3) -fe/*U— * 

5o 8 0tCU:T??L*BiU «»i**tf-S«fll 

fcf, 0. l-l/imT^O^U\ -fe^U— 

-IfiWlcii, 10~3 0 0/!m«L<ffl^ 

[0 0 4 6] (4) 3Mc««K 

tt^^;l/*--**--b4:yatf*v»x^u*«'tra: 
if) *\ *ft&®JM*«*J:tf, fncOWcffli/^hS 

fck. 09*.fcf, xfU^-^-h (EC) , yatfu 

b (pc) , 7^ h (b 

o ^.fctfifxuv^-^-h (vo ftzcomtt* 

-#*-K 5**7*71/*— #*— h (DM C) , ^xf 
h (DEC) , x^;I/p<^-;l/^-#^— h 
(EMC) fe*tf^ntr;l/*— h (DPC) & 
£Ol0Htt*-sR*- K ^K^^yb (MF) . 

(MA) . ^nkf^-^fg^^/l/ (MP) feiCf/P 
\£*>mx-3-Jl (MA) affoBJWai*;l/5p>Mxx-r 
50 y-7fP7*h> (GBL) 4My-7^h> 



19 

&£#fetf£n& 0 8«xxf;l/i:LTttF.C, PC, 
GBLSfcWc»$L<, #JSttxX-r;l/£ LTfiD 
MC. DEC, EMC&£<D3Mltf £ — sS*— h£r*a£? 

[0 0 4 7] *^Oftfe J ^cOrg^ti±SexX-r 
;l/^r8 0%J^±^tfWM.fc N l, 2 h3ris^&> 

(DM E) . 1, Z-^xh + v'X^^ (DEE) fed: 
tfxh+W h*S/x*> (EM E) &£<D#ffltfx- 

n y ^ ^O^x-f;k ^^;l/X;l//t^v F\ 
-fA. U>ih'Jxxf;K HJ*h*5/*#>\ 

3-^^-2 — r^vy yy y. 3-^^-2 

fh7tFP77>'iS*> x^I/x-f;W 1, 3- 

tt, #D X L i C 1 04, L i BF4, L1PF6, L L 
i A1C14, Li SbF 6 , LiSCN, LiCK L 
i CF3SO3, LiCF 3 C02. Li (C Fa S 
02)2, LiAsF6. LiN (CF3SO2) 2, LiB 
10C 1 10 (WBRHB5 7-7 4 9 7 4§M) . IKftflBflfi 
»l*7l/#>»U^«>A (W6 0-4 1 7 7 3§^ 
ffi) . LiCU LiBr, Li I WSBBBB 6 0-24 
7 2 6 5^»?B) , ^DD#7>'Jf^ (4$IHBB6 1 
- 1 6 5 9 5 7*§&$B) > 07x-M^l'Jf)^ 
(#P?PS6 1 -2 1 4 3 7 6^ffl) , LiN (CFa 
SOz) (C2F5 SO2) , L i N (C Fa SO2) 2, L 
i N (C2 Fs S O2) 2, LiN (CF3SO2) (Ca ¥9 

S02) affo-fs Fa*»tf«cfc^T**o cinf> 

[0 0 4 9] *38W^*5t^T«Ftc»SLU^7lcffl»iB[ 

xf L/VA-^- b ^xf;Mf;l/*-,f^- F 
£r'>&<££>^^ Uf^AgtlTLi PFe^tty 
«B«T*So G B L Ltffll,^^ 

tcfi, vc&£©&Jn»J#a%iSinU vn?J*fctL 

TL i P FeJtWOL i BF4^L iN (C2FSSO2) 2 



(11) m%2 002-42813 

20 

£tl£l^ 0. 2 — 2 mo ! / 'J7 hJli)W£Hs\ 
ftic* 0. 5—1. 5mo]/'J7h;H^MWt) 

1- 1 6 1 6 7 3^ffi) . tf n-;U (^feW 3-59 
9 6 3*§^$B) . 7X'J > 0-7 9 6 7 7^ 

4^«) . ^7»)yx-f;k tryy'y, h'jx^7^- 

70 X77^h, h'Jx^/-;l/7^X WRx— rd/, x 
fU^7^X n-^A^WJ>®h'J7^ 

(fti¥9-2o 493 2mz;ffl &E<Dmmmu 

[0 0 5 0] £fc, «»JK*^FiBtt*c-rsr!:*fc:. 

oym wmitmm. s&ftfgfkx^y 

a&tlTO^So L i 4 S i 04. L i 4 S i 04 

-Li I-LiOH, xLiaP04-(l-x) Li4 
S i 04, Li2SiSa, L i 3 P04-L i 2 S- S i S 
2, «tiJVftd»4ifff*«tt5. 

"JxfU>X;l/7^F\ #U tTx;l/T;l/a-^ ,f'J7 
U7^'J^X ^'Jxfl/yX^-rF, tfytfx/bT 

ojg^vhy 7^«8Mr'$§o «f£. y>wt 
tf - y f>t^7;i/tD^D tf uy<otta^f*^>^ 
y y >y fbex y -^y t # y x^ u Koffl^w 

[0 0 5 1 ] M&CDBiktLTl,*, =i-f>m, 

m. zs-hm, Pimm. m^m. nmftz^irtiic&m 

50 o*#^«c<t0i*S-rnffJ:^o ^/c. «»o*«^-> 
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(12) f$R3 2002-42813 

21 22 

&mtt. itftoiicis (a- h> , n&k* ff^^n mmm i ts&xs\mm dbisc *sae«st*»,^ 

T, ±KHl'6h5. HRW&7j£*fl!^ TfmL^nMBa«MlomtKKSH«^-. iE@«*3 

A— t^Su ^vtf7i£, /^-ffi. *+X-f-f> f-LT, jESfi^SttlES'J-K 1 5 #3l#iii£*iTf<f 

TV-y^fc^D'X^-Xa&iffelfSCiitf Pffi 1 2fc£M£n, ftffiSA'6»&«>J - K 1 6A^I 

Xh/l/-: ^avaWIL^. ^frt±, 0. 1-10 0 Sk^-X^D- K«fct\ B*tittfi?iStt©a?e«14^ 

8iJo^»tt. iaftttfc*to-a-T, ±8E»&2fffi*»£ y$vK ^A, t'J7fv> M, 

T*£3o )tafOl^TfeiI^^Tt,J:V\ mite'7--Xf±X7 L >UXSaffi> A 1 -Mn-a-^ffi^iiPl 

Tfc<fcl/\, ^8J®B\ iEfilg^H^ftSW^idtcU *0Sfci&#«x;yi*=.7U:y^:/7X^-y*X43.fctf 

mm j pmmttm%;£*-sts 0 &mm<o<mc. g$&a*i§- [0054] mmm 1 4<o±T»ic«*n^tu6iiu > 

tt, Di*a6e>n3*<, K-ffi<D^S© T Clgf ^ifA'fflV^nS. ££#<DS*HcHg 

[0 0 5 2] ^b-y h^-KOlSftSfcttltekTSrjti: 'J-KSfcO«»f*ffi*?iJffl-*-*{:fc36i«T**. 3:7c, 

t5« iff;:, ftw-m, mmtt-m, m^-mis s>^n, minc^m^^r'Lm\ 

xwrnaat* mm&z>M&mfr-$tt>-*tTm^2>:it& 30 [0055] stc, mtmztmtisT. mm&.<o±m 

#SLl/\, agf±80~3 5 O'COlffltf^K, «p KJ:»)«»t*3l»fr<B*«*ft«^«Cfc*'T?*«. C 

tc 1 0 0-2 5 CCOiEffltfJfijL^o #?J<ffit2\ Sffi <D£2s ftK* ±lf Zit^*&m<0*£3b2>WSMM'M. 

4f*T*2 0 0 0 p pmWTtfJifSIX, iEffi^SJ, MM (D<PlcS2H£Z£ i:#T-#3„ F«3JE#±lf * L 

^WlifiT'ti?tl?n 5 0 0 p p m«Ttt5 C i: TliL i2COj, L iHCOs, NaiCOj, NaHC 

tf+M^MS^T^SLV^ ->-hoyuxft{i, - Os, C a C OsfccfctfM g C 03ft£©K&ffl£H*<& 

aSfcSiffl*tiTV^57^3**fflv^c:i:^T'#S*^ tf&ns 0 tt-y^ ->-K «J-K«© 

WtB^Stl*^, 0. 2~3t/cra ! W jg, U— <f-iS«SfcayHSfifi«»a if) c t 

SU\ Ab^^-^UXS^yU'XjlJSCi, 0. 1- #T'#3o S/c:, i4P^->-;b»J(i, 7X7 TVb h& H 

5 0m/M»SLK yuxrSStis ^?a~2 0 o°c ose5l5A^5aip>nTi^{k-&^ii-a-^ffli,^ c ttf 

a, 0. 9~i. 1 aw* bi/> 0 0. 95~i. mftVBsmmssnmmcttL, mm&KDmmmmi 0 

nHHB^^JE^OftattOJBtt-efeoTtfllteftV^ [0 0 5 6] M«bS«. KJR«»»*±»fii: L, cn 

[0 0 5 3] feXfl/V^^^XVii^fat^iltt? 1 0 
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^b*-#*-h®{*«tl : l <0'^mU\c, L i P 

f^SLfcBfSSHIfcliiegl 8 mm. 1^6 5 OmmT' 
&*5. Jt«<Dfc«>tjEffig*Sl«i:LTL i CO2 

[0 0 5 7] Ctl^^HHk^: 1 0 Om Ao^mgsr% £ 
"T4. 2 Vlc&SSTTMLfc^ lOOmA^iifi 



24 



**S»tti: 1 A t Lfco 3fc«©»7tt*8S«ft< 5 0 m A tc 
SLfci:#i:Lfco Mli3O0mA(7)rifiitMT' 
2. 5VSTJWLft. COt#S6ftft»tSl*, 

/Co Sfc, H8«it*tt«iftS«* 1 C t L/c 

i:#fc5^M*a«<0«8Sffi (0. 2 0 4:0. 5BSH 

mmm<omm.m (20 T*hfftoM8i*»s 

U 0, 2 C/2 COgltt^T'gL/ciOT'S^o fi 
SSfc«tfc^f£ 1 ClSt'2 Ott'ML/cl^^- 1 0 
10 •CTtt*Lfc«^©tt«S»t2P (-10t/2 0t) 

[0 0 5 8] 
[«2] 





(mAh) 










L i N i 


15 8 0 


9 5 


7 0 


9 0 




LiCoOz 


15 0 0 


9 2 


5 0 


8 5 



[0 0 5 9] g 2 MSILfc-T^TO^B 

i:T'^3(5±gST-feS LiCo0 2 J;t) fcltlftlft^l 
[0 0 6 0] (ggffiffll 2 *j J: tftfcKCT 2 > ±.i&<D£ 3 

-'Jfy (PVDF) ^^{b^at? \y-y (HFP) 
# £ fe C <Dntffl6& J fMtvSW& PVDF-HFP4* 

£M§ l rcimffimizj£j]&tmz- s c £ -e«s» t 

b-^*PVDF • H F P#'J7- £r/)-LTjg£-f &<D 

So 

[0 0 6 1] C U K^T'®*^ 



y T-it»KBishy/wfct4. 7Mt<o$km± 8 o °c 

«8iMi<D^TMiLft„ SSfi, eft £©«*!!* 
5 OmAO^SgftT', $-T4. 2 VK*S3:T?7E«L;rc 
5 0mA<O^«gitT-2. 0 VtC^:S$T-®(«-r-g.?t 

H&§g*<— StC & o fc C 3 T'^iH^BkBg L fc 0 

[0 0 6 2] *-T?tffi{i, 4. 2 V05£!!EE?tltT'K* 

ttSfttt 5 0 0mA £ Ltc 0 3i.m<DmT tem&Btf 2 0 m 
A tcS Lfc i * <h L/Co 10 0mA £D^Sj55)K« 

T-2. 5V$T-MLft. C©i:^f#e>n/-cSJ(llSfi 

wmoi&m&mt Lit. ?zi&n<o&mmz2 5°ct- 
40 njciT©@»t, siam^Tcoji^cDii^^Lrco s 

fco tmvtctbicL \ c oOi&jEMmvdmtLrmm 

"To 
[0 0 6 3] 
[^3] 
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25 26 





(mAh) 




iP^^fc(mm) 




LiNi ,-*Mn*0 2 


8 5 0 


0. 0 4 


0.0 8 | 


tt&M2 


L i C o O 2 


8 2 0 


0. 1 5 


0. 4 



[0064] a3<fcora&*Mc*nsfigy<DiEai*ffl^^ 
[oo6 5] immm3 : ftm<D{&my i * n i o 2 ^> 

<Dmm&*tt5-T*%2>o cnii, DV-xaS4if<D«- 

ftSMtSCk, fro, BttfSIR^tfRaiRTFT* 20 

lc&£ 0 c^ci:^ — y^r/l/fcv>if>* 1 : l Tig 
^tacfcO^'J-yhWfio HSS#1£LT, x = 0. 

3-0. i&T'omT'ccoftmmm&mm-rzrczbic^ 

[0 0 6 6] 
[*4] 



X 


(2 C/0. 2 C, 20t) 


0 . 3 


7 1 


0 . 4 


9 2 I 


0 . 5 


9 5 


0 . 6 


9 1 


0 . 7 


6 5 



[0 0 6 7] S4J;^ xOi^O. 5^6fn5^A 

^u-htt«*^fiT-r*ci:^t)3b^o torn 

0%e«SW«T*HFST#a«JB"P*0. c 

^>^rl^-r^ci:tcJ;oTtt1iiiffit> 1 OOmVifi 
±M~$%o LiNi02(Dl&li4VT*LiMn02(Di 
Sii3VT8So il« £ nfr £ ^ffl-T £ t - y * ;U v > 
1 : 1 TiI^£nT^3<DT*3. 5Vt* 

i N i 02<OWlMM&.^ 1 0 0 m V<$£ 



[0 0 6 8] <HS£0ij4 : »»OSStt> L i N i O2 

i^nsiit^s^nso cnt, v>^>^i : 1 

©It*TB«2tfSCfc:T*#T*£ao HJtfl3 7ftffl 
Lft*a**«Lfc 0 «»*»»LTjE«*#J 
«fc0ffiLfc o C©*m**<0S*DSC (^S**J» 

[0 0 6 9] 
M5] 





X 


D s cmi£<D 1 s t 


0 


. 3 


18 0 


0 


. 4 


2 2 0 


0 


. 5 


2 2 8 


0 


. 6 


2 2 2 


0 


. 7 


19 0 



[0 0 7 0]I5*^ x = 0. SO^tfltJgfiA'iS 
^C£tft>frZ>o Ctllt. x = 0. 5<D£%£PttHt L 

0. 5fre.©-rn(i, 1 o%*WFS<oRggT*£D. cn 

-^-h^atti : 1 om-ermmic. l i pf«^ 

1. 5 ; ejv/vvh}i>mMLrzt><D&mmLtct>\ cn 

[00 7 1] 

[02] *«flatJsv^Tff«LfciEaiS»«tt : ?<o*iii 

OS EM (i£iE^«?nflWI) ?XT'fe5o 
[0 3] ^WKfc^TttHLfciEffiiSI&Ktt^OWfffi 
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(15) 



($Bfl 2002-42813 



27 

(OS EM?It'S5o 

[0 4] **B8lc:fei/^Ttta:ffi*cj:0jESig»ll*HiS 
[06] SSST'MLfctf^en/'cUfJ/.tS 

[07] *fe0j{c^u^Tf^SLrcu^^^w-y^ 

[08] *^{C*5U^T^L/cU^^A#W-y^ 
[0 9] ^ffi^«USi*Sfe«*«tt»THJibfe*f«<0 

[0i o] KSis^ttJ«ttsfett«aaT»jiLft«» 

[0 11] iEfii}S«i«o«Ericigfi^<fc-3TaE{b-r5n^ 
[01 2] IEIi?S*KOX»lil»fOtt**^BI"eft 

So 

[013] IE«JS»JlO« : fSa<D«ft*^"rH'C« 
[014] iEttfittKOaWlfifecttf cttfi^6W-»S 



2(9 



[0 15] L i Co O2 (a) *5<£r/l. i N i O2 (b) 

[0 16] I. i N i 1/2M n 1/2 O2 (c) te<ttf I. i M 
n02 (d) <D&S#-:/^^0T*&£o 

[0 17] L i N ii/2Mni/202Oftt*-7S/fNt 
0T'fe£o 

[01 s] *iiiifi«ifc:fei^T^»Lrcra«s«jftoaEW 





1 




2 




3 




4 




5 




6 




7 




1 1 




1 2 




1 3 




1 4 




1 5 


lEttU— K 


1 6 


fiffiU-K 


1 7 





[0 1] 



[04] 



W» JS*4 

9 9 ? 
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(16) 



SSfBH 2 00 2-4 2 8 1 3 



CH2] 



<a>l 




X3K 




X30K 



[03] 




<mm> 
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(17) 



2002-42813 





CH6] 



[0 9] 



in air 





75(fC in air 
a = 2.889 A, c = 14.260 A 



85(fC in air 
a = 2.889 A,c= 14.269 A 



100(fC in air 
a = 2.892 A, c = 14.301 A 

x — K-K - 



105(fC in air 



_i i i i i 



10 20 30 40 50 60 70 80 90 100 
26 / deg (C Uko ) 



850 C 



850 C 



i) 



' « t 



10 20 30 40 50 60 70 80 90 100 

29 / deg <Cu,j 
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(18) 



•WfBH 2002-42813 



[B7] 





X6K 



[(38] 
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(19) 



W2 0 0 2-4 28 1 



[0 10] [011] 




J — i — i — i — t — i — i — i — i i i i i i i i i 



10 20 30 40 50 60 70 80 90 100 i 

26 / deg ( cu Ka ) 

1 - 



0 50 100 150 200 

Q / mAh-g" 1 
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(20) 
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